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' ' OVER: VIEW 

MODULE FOUR * 

HEASURING CURRENT AND VOLTAGE IN SErTes CIRCUITS 

In this nodule you will learn the charactertsttcs of a. series circuity 
hov/ to use the mutt (meter as ar\ ammeter and a voltmeter, i how to 
make current and voltage measuretnents >{n series circuit^*' 

For you to more easUy leal^n the above^ th^s module has been divided 
Into the foUowtng three lessons: * . ^ 

Le^soji L Measuring Current tn a Series, Circuit » 

Less^n^l L ' Voltage In a Series Circuit 

Lesson IN. Us^g the Multimeter as a Voltmeter 

— / 

Do net be concerned at this time with the names or t^rms unfamiliar to 
you. Each 'wilt become clear as you proceed. However^ If you have 
any questions^ do not hesitate to call your Instructor. TLrrn to 
th^ following page and begin Lesson I. 
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Overview _ ' Four-i 

V OVERVIEW 
LESSON I 

Measuring Current In a Serijes Circuit 

In addition to the Module Overview^ as you start each lesson; you will 
find a lesson overvtew like this one. It Is merely an outnine of what you 
will study and learn to do In each lesson. In this lesson you will study 
andjearn about the following: 

/ ^what a series circuit Is 

"a brief word ^abOQt parallel circuits 
"using a multimeter as an ammeter 
"determining current Is common In a 

series circuit 
-practical measurement of DC current 

Each of the above topics will be discussed In the order listed. As 

you proceed tiirough this lesson^ observe and follow directions carefully. 

BEFORE YOU^'START THIS LESSON, PREVIEW THE LIST OF' STUDY RESOURCES ON 
THE NEXT PAGE. * ^ 
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LIST OF STUDY RESOURCES 
\ l^SSON I 

Heasr Current tn a Series Circuit 

To learn the materia ^n this lesson^ you have the option of choosing^ 
according to your experience and preferences^ any or all of the following; 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS dS^lOOA^Ia "Basic Electricity, Direct Current.** 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C: U.S. Government Printing Office, J965. 

AUDIO-VISUAL: 

Sound/Slide Presentation * "Measuring Current With a Multimeter." 

Remember^ you may study any or all of these that you fee) are necessary 
to answer alt Progress Check questions correctly. Do not forget that 
tn one sense of the word your Instructor Is a living resource; perhaps 
the best. Call him if you have any kind of a problem. 

YOU HAY.NDW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
lESSON I 

Measuring Cgrrent Jn a Series Circuit 

yhat a Series Circuit Is 

A series ctrSalt hasonly one path for current flow, tn the 
study of electricity^ when,we*say cocviponents are connected In 
series^ we nean they are c<?nnecred In line one right after the ' 
other* ' * f 






In each of the above circuits, you can see that current has only 
ope path It can follow, (l. ' 'i U 'u) that the sam^ 
amount of current must flow through each resistor^ Just as the 
amount of water flowing through a pipe is the same in each part 
of th^ pipe* 



A Brief Word About Parallel Circuits 

A parallel circuit Is a circuit that has more than one path for 
current' to follow^ as shown by the arrows on the schematic below* 




Notice In the above circuit that current from the cell divides Into 
two separate paths; whereas^ In a series circuit It can take only 
one path, * 



Usiag the Hultlmeter as an Anwrieter 



You are already familiar with the multtmeter as an ohmmeter to 
measure resistance and to take continuity readings. Now you are 
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ready to learn how to use it as an ammeter to 'take current mea- 
surements. You can see t\t.it the multimeter enables you to use 
one rneter to measure different quantities* The settings and con- 
nections when using the multimeter as an ammeter wiU be different 
than the ones used when using it as an ohmmeter. When using the 
SO \ia range^ the switch must be in the -^DC position. 

A Word of Caution : Always connect an ammeter In series 
with the circuit being tested; never in parallel. Failure 
to do so^ wl 1 1 damage the meter. 




Notice in i I lustration that the ammeter actually becomes part 
*of the circuit that is being measured* Total circuit current 
: must then flow through the meter* 



interpreting the 50 Microampere Scale (illustratio n on next page) 

The bl&ck arc that is labeled DC (second from top) is used for 
taking all DC current measurements. When the range selector 
. switch i's in the SO microamp position, simply read the value 
indicated-^n the 0-SO scale as microamps* 



\ 




with the meter set up as End Seated ^ what Is the value of current 
being measured? ^ 



(30 pa) 



DC Current Measurements (0"-S0 pa) 



Using Practice Board 0-1 > a 51 kft resistor^ and a dry ceIJ> 
construct a series circuit as the Schematic Indicates* 



15 



Narrative 



Four- I 




2. 8e sure the switch ts open. 

3< Set up the mult (meter as an ammeter to read D*SO ua DC. 

a. Set function swftch at +DC . 

b. .Connect black test lead to common jack. 

c. Connect red lead to the 50 ua jack. 

d. Attach cUps to ends of test leads. 

e. Set range switch at SO ua . (8e sure switch is open In 
the circuit.) 



Connect ammeter In serfes with the circuit by attaching clips 
to T7 and T6. Observe polarity . 
5» Energize circuit^ {TFls completes the circuit; however, the 
lan^ wltl not tight because the resistor limits current so 
much that there Is not enough current to light the lamp.) 

6. Record the reading obtained on the multimeter. 

7. Open switch and disconnect meter leads. 



You should have had a reading of approximately 28. S ua* 

if the needle deflected In a counter-^ctockwlse direction, you did 
not observe polarity when connecting the meter. In this case, re-* 
verse the leads and try again. Your black lead must t>e cormected 
to the side, closest to the negative terminal of the source. 



Determining Current Is Common In a Series Circuit 

Current through a series circuit will have the same value anywhere 
, In the circuit. This Is what we mean when we 5ay that In a series 
circuit current Is common . To prove this, let's measure current 
at another point in the circuit you constructed. You know that 
current Is approximately 28. S ua between T7 and T6. Now we will 
measure between T2 and T3. 



1. 8e sure circuit Is de-*enfrglzed. 

2. Reconnect circuit as shown In 
the schematic, with the ammeter 
between T2 and T3. 

3»- Your meter Is already set up. 
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Energize the circuit and read the 

value of current* Did 

you get the same reading you .6b- 
talned at the first point of 
Hfeasurement? 

5» De-energlze the circuit and dis- 
connect meter » 

6» Now reconnect circuit to conform 
to this schematic* 

7* With switch In open position^ 
connect ammeter between T7 and 
T8 > observing polarity* Read 
the value of current* 

8*. ^Disconnect the n^ter* 



T, 51kS> U 




Notice that when the ammeter was connected across the open switch^ 
the meter served to close the circuit, thus you can see that the 
ammeter actually becomes part of the circuit* 

You have now taken current readings In three different places in the 
circuit and found that the readings were the same In each Instance - 
proof that current Is common In a series circuit* 
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Interpreting the SOO ma> 100 ma, 10 ma, and } ma Scales 

Look at the DC scale on your multimeter. For reading milUamps^ 
we still use the same black DC arc* NotUe that there are three 
rows of numt^ers under the black DC arc, marked 0'2S0 > 0-;-S0 > and 
P 'l O* The meter scales ^sed for DC cufrent measurements are 
the 0-50 and 0-tO scales* 
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Notice the three rows of numbers under tne black OC arc are call* * 
firated 0-250, 0-50 and 0-10» tf the range selector switch Is on 
the 500ma position as shown, you simply add a zero to every number 
on the 0-50 scale. What you are realty doing Is multiplying by 10. 
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Wtth meter set up ns tndtcated In preceding Illustration, 
what is the current reading? 

a* 2 ma ^ » 

ft 

b. 2 a 

c. 10 via 

d. 100 ma . 



ANSWER - (d) 100 ma 



/ 



ERIC 



^3 20 



Narrative 



Four 




Narrative 



Four- I 



With the meter sef up as Indicated In the preceding Itlustr^tion, 
what Is the reading? 

a* 8 a 

b. iiO ma 

c» 80 ma 

d» 80 va ^ ^ 



ANSVw£R - (c) 80 ma 
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If the range selector Is 'set on the 10 ma position as Indicated, 
all we do Is read It directly on the 0-10 scale* 
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With f^he meter set up as Indicated tn the preceding M lustration, 
what ts the current reading? 

^ a» ^0 ma 

^ b. 8 ma 

c» 80 ma 

d. .8 pa 



ANSWER (b) 8 ma 



ERJCa 
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With the^range selector set on the 1 ma scaltf as Indicated, 
we read on^jhe-^O-IO scale and make each number a decimal J,, 
*2> ,3^ ^5^ etc* Here you can see you are reaily dividing 
by 10* . '- ■ ^ 
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With the meter set up as indicated !n the preceding illustration* 
what. is the current reading? 

a. 0.2 a 

b. 0.2 ma 

c . 20 ma 

d. 2 ua 



ANSWER - (b) 0.? ma 



lieasurlng CC Current (0-SOO ma) 



TT Using Practice Board 0*1, a 330 0 
resistor and one dry cel1» con* 
struct part of a series circuit 
as shown. 

2. Set up the multimeter to read 0-SOO 
na DC . 

a» Set function switch to 4-OC , ^ 

b. Connect blaclt'test lead in common {') jacit, 
c» Connect red lead In the {+) jack- 

d» Set range switch to highest ma setting (500 ma). The 
reason for this Is that we do not Icnow how much current 
win be flowing. Since current flow is still unlcnown^ 
starting at the highest ma range setting can prevent 
damage to the meter* 

e» Be sure switch Is open. 



3* Connect the meter in series as shown, 
observing polarity* 
Close the^switch* 

S* If you get no needle deflection, 
change the range selector to one 
of the other ma positions until 
you get as close to ^ mid-scale 
reading as possible* 



Vdu should f!nd\that the reading is almost mid-scale at 
the 10 ma settlf^. 
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6. To read the scale for a 10 ma setting, use the black DC arc 
and read the 0-10 figures directly. Record current. 

7. Oe-energtze the circuit "and remove test leads. 



You should have read approximately 4.4 ma. 



AT THIS POINT, YOU HAY TAKE THE PROGRESS CHECK, OR YOy MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED.' IF VOU TAKE THE PROGRESS CHECK AND- 
ANSWER ALL OF THE QUEST-IONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. ^ ^ 
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PROGRAMMED INSTRUCTION 
LESSON I 

. - Measuring Current in. a Series Circuit 

TEST FRAMES ARE 5. 8, 12, 15. 19. 23. 33. 36. 44, 48. 59. 61. and 
64* AS BEFORE, GO FIRST TO TEST FKAME 5 AND SEE IF YOU CAN ANSWER 
,ALL THE QUESTIONS THERE, FOLLOW TT^E DIRECTIONS (JIVEN AFTER THE 
TEST FRAME, 



1, A;serles circuit 1$ a circuit that has all Its components con 
nected end to endMn a single line so that only one path for 
current flow exists* 

which Is a'schematlc of a series circuit? 




2. 



Recall that current flows from negative to positive In a circuit. 
On the series circuit schematic. Indicate with al^rows the path 
(and direction) current must follow through the circuit. 



I ^AA^ @- 



■AAAr 
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3. Since current In a series circuit has only ofle path to foMow, 
the same amount of current will flow through each component in 
the circuit. 

In a series circuit: 

a» current will be greater through the negative terminal 

of the cell than through the positive terminal. 

b» current will be the same (common) throughout the circuit. 

c» current flow will differ through each component In the 

circuit. 

d. the same amount of current will leave the battery as 

will return. 



(bT current wMt be the same (common) throughout the circuit; and, 
d. the same amount of current will leave the battery as wMl 
ret urn . ) 

4. When the same amount of current flows through each and every part 
of the circuity the circuit Is said to be connected In . 



Csertes)" 



5. Check the correct definition of a series circuit. 

a. two or more components providing a path for current flow 

b. two or more connponents connected end to end to form only 
. one path for current flow. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 5 

b., two or more components connected end to end to form 
only one path for current flew. 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 8. OTHERWISE, GO BACK TO FRAME ) AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 5 AGAIN. 



6. Since current Is common In a series circuit, the amount of current 
anywhere In the circuit wIH equal the total current drawn from 

I, 



the source, (^y ~ ' ) 



What Is the amount of .current flow through the points indicated? 

O AMPS 



SAMPS 

I ®^ 



-n- iisv 



AMPS 



AMPS 



(a. 3 amps; b. 3 amps; c. 3 ampsJ 



7. The amount of current flow anywhere In a series circuit Is (equal 
to/different from) the total current drawn from the source. 



tequal t^T 



23 



30 



PI. ^ Four-!' 
8. D^ermtne and record the Indicated values of circuit current. 
'A. B. 



'm 

Sa 



® 



ia 6v 



k2 



'ftl 

AAA; — 



'R3 



2a 



A. I 



R2 



Rl 



(this is a test frame, compare your answers with the correct 
' answers g!-tn at the top of the next page.) 
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ANSWERS - TEST FRAME 8 

a. «5 amps 

b. «2 amps 



ir ALL VOUR ANSWERS HATCH THE CORRECT ANSWERS, VOU HAV 60 ON TO 
TEST FRAHE 12. OTHERWl'SE, GO BACK TO FRAME 6 AND TAKE THE PRO- 
CRAMMED $5>aUENCE BEFORE TAKING TEST FRAME 8 AGAIN. 
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9» A parallel circuit dlffers^from a series circuit In that It has 
two or fTore paths for current tow* Two examples of parallel 
circuits are shown below. 



3 Paths 




3Pofht 



r 



. indicate with arrows the current patl.s tn the paraltel circuits, 
in the spaces betow each circuit, write the nun^er of paths that 
exist for current flow. 

A. 8. , 




NUH8ER OF PATHS 

NUH8ER OF PATHS 
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)0. Each path for current flow Is caUed a fa ranch > How many 
branches are there in the circuit below? 




U branches) 

11. Hatch the ktnd of circuit tb Its carrect definition. 

1 . circuit that has two or more a. para He) circuit 

paths for current flow 

b* series circuit 

2. circuit that has two or ^ 

mre components connected 
end to end to f^rm only one 
path for cur***^ flow. 



(K a; 2. faj 



r 



n 
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12. Match the schematics -to thetr, appropriate characteristics » 





vw- 




K more than one path for current fiovy 

2* series circuit 

3* parallel cl rcult . 

only one path for current flow 



<THIS IS A TEST FRMM. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 

1. 8,.l> 

2. A, C 

3. 8, D 
k. A, C 



IF ALL YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAME 15. OTHERWISE, GO BACK TO FRAME 9 ANt' TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAMC 12 AGAIN. 



13* When using the inuttltneter as'an ammeter for measuring DC current, 
tt must always be connected tn series with the load. Remember — 
In series means tn a- line. 

Which schematic shows the multimeter correctly Installed as an 
ammeter? 



B. 
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14* To connect an ammeter (multimeter) property In a c'trcult^ polarity 
must be observed* The negative side of the meter must be connected 
to the negative side of the source^ and the positive side of the 
meter to the positive side of the source* 

WhtQh Schematic shov:s the multimeter correctly tiistallecf as an 
ammeter? 




IS. Check the schematic that shows the meter correctly Installed. 




(THIS IS A TEST FRAME.- COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 15 
A 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU M/\Y GO ON TO TEST 
FRAME 19* OTHERWISE, GO BACK TO FRAME i3 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN. 

16. The Illustration below shows the front panel and controls asso- 
ciated with the ammeter function of the Simpson 260-5P multimeter, 
Study the 1 1 lustrat ion ^then locate these 'components'and con- 
trols on your multimeter. 




(Go to \Z^t frameTT 
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17* Locit« the function switch on your multimeter. 



'What^re the three positions to which the function switch can 
be moved? (Any ord^r) 



a. 

c. 



18. The position of the function switch determines whether the multi- 
meter Is^ to be used to measure >^dor^t}C values. When used as an 
ammeter iFor measuring direct current,! the function switch can 
be in either of the DC positions* W&^lept for use In the 5O pa 
range. These ranges require +DC sitting.) 

"What function switch settlng(s) couUl^e^used when measuring 
direct current? \ \ 





1^ 



Four-t 



19. To measure direct current, the'^unctlon switch must be \n the 
• • cr the \ positions. (Any order) 



- (this (S a test frame, compare your answers with ,\it CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAHE 19 
+DC; -DC 

( Remember : When using the 50 pa range » the switch must be 
in the +DC position J 



IF ALL" YOUR ANSWERS HATCH THE CORRECT ANSWERS, YOU MAY. GO ON TO TEST 
FRAHE 23* OTHERWISE, GO BACK TO FRAHE 16 AND TAKE THE PROGRAHHED 
SEQUENCE BEFORE TAKING TEST FRAHE 19 AGAIN* ^ 



20* When setting up the multimeter to measure current, the function 
switch Is normal 1y placed in the *^DC position* Remember, the ' 
multimeter Is polarity sensitive and must be connected In the 
proper manner (black lead negative, red lead positive) In the 
circuit to prevent damage to the meter* 

Whjxh drawing s!iows the-niultlmeter correctly connected for 
measuring current? 
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It 
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2)* jif for stiftie msort the meter ts connected fmproperly^ the function 
^ ^Itch can- be used to change the polarity of the meter without 
' reij^vtng the meter leads^ from the^clrcult under test^ (Thts does 
* no| apply to the 50 pa or the 1p emp range*) 



The' njus^ratton below shows an Inyroper meter connection* 




CKeck the funct ton-switch position you' would use to correct the 
meter connection shown a'jove* ^ < 



4 



+PC 





•(•DC 




IsL 
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22. Since the pointer of the meter normally rests at "0** on the 
far left of the meter scale, correct connection Into a cir- 
cuit wfll cause the pointer to move toward the right side. 

Which of the meter faces below Indicate correct meter connection 
and function switch setting? 



ABC. 






tA; C) 



23. Which meter ts correctly connected for measuring DC current? 




(this is a test frame, compare your answers with the correct 
answers gh/en at the top of the next page.) 
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ANSWERS - TEST FRAME 23 
A 



IF ALL YOUR AHSUERS HATCH THE CORRECT ANSWERS, YOU HAY GO ON TO 
TEST FRAME 33* OTHERWISE, GO BACK TO FRAHE 20 AND TAKE THE PRO 
GRAHHED SEQUENCE BEFORE TAKING TEST FRAHE 23 AGAIN. 



24. Locate the range switch on your mutttmeter. The range switch 
alsa determines hovi the neter will be used. For example when 
used as an ohmmeter for measuring resistance, the following 
range settings are used: 




Refer to your Simpson 260*5P multimeter. Which drawing shows the 
ran<ge switch settings that would be used to measure direct current? 





25. Look at the range-switch positions on your multimeter.* The 
maximum DC current measurement possible with the Simpson 260-5P 
fmiltimeter Is: 

a. 500 ma DC. 

b. 10 amps DC. , 

c. too amps DC. 
d. 50 ua DC. 



fb) 
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26. tist the five positions of the range switch that are used 
to measure D,C, current* (Any order) 



(50 ua; 500 ma; 100 ma; 10 ma/lO amps; 1 ma) 

27- Each current range-swttch setting represents the maximum amp- 
erage that the multimeter Is capable of measuring when In that 
position. For example^ If the range switch Is set at 50 pa , 
thts means that the current range Is 0*50 pa; If the range 
switch Is set at 10 ma > the current range would be 0-tO ma. 

What would the current range be If the range switch was set at 
500 ma? 

a. - IOO-50O ma 

b. 0-500 ma 

c* 10*500 ma 



(b) 0-500 mT 



28. Look at the current range switch positions again. Then list the 
Currant rang^js the meter Is designed to measure. (Any order) 



(0*50 pa; 0-1 ma; 0*10 ma/amps; 0-100 ma; 0-500 ma) 
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29* The mt«r scale used when measurtng current ts the black arc that 
ts labeled DC (second from top)* Locate the &C scale on your 
imiUtmeter;, th^ check the arrow that f>otnts to the DC scale. 





30* Look at the OC scale on your mutttmeter agatn* Notice that there 
are three' rows of nund>er5 under the black DC arc> marked 0*250 > 
0- j 5i p > and 0-10* The meter scales used for DC current measurements 
are the 0-50 and 0-tO sccites* 

Which diagram correctly Identifies the two DC scales used for 
measurtng OC current? 





Four- I 



31. The position of the range switch (SO va, SOO ma, 100 ma, 

fO ma/amps, t ma) will dettrmtne whether the OHO DC scale or 
the 0-SO DC scale fs used. When the range switch Is tn the 
SO ]ia position, the 0-SO scale )s used. 



Which meter scale Is used to read 0-50 va DC?' 




32. When the range switch Is .In the SO va position, current Is read 
directly on the 0-50 scale. 

What would the current reading be for the Illustration? 




a. 103 mlcroan^s 
b 23 microatnps 
c. 7 microamps 



(b) 23 mlcroamps 
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33» Which illustration tndtcatcs a current value of 10 Ma? 
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ANSWER - TEST FRAME 33 
a 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 36. OTHERWISE, GO BACK TO FRAME Zk AND TAKE THE PR06RAMME0 
SEftUENCE BEFORE TAKING TEST FRAME 33 AGAIN. 

34. When using the multtfneter to read 0-SO iia DC, the comnon (-) 
jack and the 50 ya Jack are used. 

Using the Illustration below, locate on your multimeter the 
common (-) jack anji the 50 ya jack. 



COMMON 




jGo to next frameT 
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35* On th6 f t i.^^tration below, check th6 arrows whtch point to the 
jacks used when making current measurements In the range 0*50 pa. 




36. LiTt- the, names of the two jack positions used when msklng PC 
current meiisurefnents in the 0*-50 ]i9 range. (Any order) 

a* ■ ' , 



(THIS IS A TEST FRAME. COMPARE YOUR AMSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 36 

a. 50 Ma jack 

b. common (-) test jack 



IF All VOUR ANSWERS WTCH THE CORRECT ANSWERS. VOU MAV GO ON TO TEST 
FRAME kk, .OTHERWISE, GO BACK TO FRAME AHO TAKE THE PROGRAMHEO 
SEQUENCE B0ORE TAKING TEST FRAME 36 AGAIN. 



37. Using Practice Board 0-1, a 51 kH resistor, and one dry cell, 
construct a series circuit as shown below. 



Rt 

■vs/v- 

5tKA 




Hake sure tha switch is open. 



(Go to next frame) 
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Listed betqw are the proper st'eps for setting up the jtiultinieter 
for measuring DC current tn the 0-50 pa range. 

K Set the , function switch at »DC > 

2» Connect the^black test lead In the coininon (-) ^ ^ 

jack and the red test lead tn the 56 ya 

jack* (Use test leads wlth^cttps^J ^; 
3» Set the' range. switch at. SO ua > ^ ^ 

Followfrig the steps 1 tsted above^ set up your multimeter^ then 
check ytfur mater setup against this Illustration. 




if) 



(So to n«xt frame)- " J'-^ 
39* Tak« the sertcs' clrcgtt -you have constructed and connect the meter 
In' series with the load (between Xi*"'' IZ)» c6(i;pecttng the red ■ 
test lead toward the positive side of the source and the black 
test lead toward the negative side. MAKE SURE THE SWITCH .IS _^ 
BEPORE CONNECTING THE METER. 



0 



ti 




If- 



If 

i. 
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Ene^rglze circuit and observe the meter pointer. If iL-^Is de- 
flected to the left» the polarity Is opposite to that which was^ 
anticipated. De-energize the circuity reverse .the meter leads, 
and energize circuit again. ( |iiote : Meter polarity canpot be - 
reversed by* using the. function swltc^i except when measuring 
ml 1 1 lamps. ) ♦ , ^ ^ 



(Go ta the next frame. .f 



^1. Read the current directly on the black DC arc using the 0-50 
scale. What Is the arrtount of current flowing in the circuit? 



tapproxlmateiy 28.5 ya) 

De-energIze the circuit and remove the test leads from the circuit. 
Restore the circuit to Its normal working condition. 



iGo to next f ratnel 



^3- Recall that current Is the same throughout a series circuit. 
Modify the series circuit you have constructed as' Indicated 
by the schematic* 



\ 




Tnen measure current ^nd record It In the space provided. 
Circuit current = pa. 

Do you read the same value of current as when the meter was 
connected between T6 and Tff 



(approximately 2ti.5 ya; yes7 
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44, Using Practice Board 0^)^ a 62 kn resistor^ and one dry cell» 
construct a series circuit as shown below* 




Then measure current and record It tn the space provided* 
Cll-cult curpftnt « - * 



(THIS IS A TEST FRAME* COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 



t*7 
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ANSWER - TEST FRAHE 
23-26 Ma 



( Kote t Th lamp will Hght because the resistor, 
In this Instance, greatly limits the current flow.) 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, VOU MAY GO ON TO TEST 
'frame' 1(8. OTHERWISE, GO BACK TO FRAME 37 ANO TAKE THE PROGRAMHEO 
SEQUENCE BEFORE TAKING ^EST FRAME tt** AGAIN. 

f. > ' ■ 

45. Complete the following chart for using the Simpson 26O-5P multi- 
meter as an ammeter. 

CURRENf" FUNCTION SW. RANGE SW. METER OC - TEST LEAOS POSITION 
RANGE POSITION POSITION SCALE REO BLACK 



0-50 ua 



, CURRENT 


FUNCTION SW. 


RANGE SW. 


METER DC 


TEST LEAOS POSITION 


RAHSE 


P0SIT40N 


POSITION 


SCALE 


REO BLACK 


0-50 ua J 


+ DC 


50 (la 


0-50 


50 »ia (-) common 



46. When reading current below ?00 ma^ tHe OC scale used will depend 
on the position of the range swFtch. When the range switch Is 
In the ?00 ma position^ current Is read on the.'0-50 scale. 

Which meter scale Is used wher the range switch position Is ?00 ma? 
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47. If the range switch Is In the 500 ma position, the ^}ue Indicated 
on the 0-50 scale must be. multiplied by 10 to obtain the amount 
of Current. For example, with the meter set up as f^hown below, 
the Current flow would be 200 ma* 




SOOmo 




What. Is the current reading Indicated below? 



ma 




SOOmo 




ERIC 
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kS, What ts the current reading indicated betow? 



a. kO ma 

b. klQ m 
0. 230 ma 
d. do ma . 




500MA 




iimS (S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
.ANSWER GlVtN AT THE TOP OF THE NEXT PAGE.) 



lERiC 
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ANSWER - TEST FRAME W 
b. ^30 ma 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER, YOU HAY GO OH TO TEST 
FRAME 59* OTHERWISE^ GO BACK TO FRAME k$ AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 48 AGAIN. 



49* When the range switch Is tn the 50 pa position or the*50O ma 
position^ what nteter scale is used? 



a. 0-50 

b. O-IO 

c. 0-250 



(a) 0-50 



50, Check the statements that are correct. 

a. When the range switch Is In the 500 ma position, current 

value Is read directly on the 0-50 DC scale, 
b. When the range swttch ts tn the 50 pa position, cur- 
rent Is read directly on the 0-50 DC scale. 

c. When the range swUch Is tn the 500 ma position, the value 

Indicated on the 0-50 DC scale must be multiplied by 10 
to obtain the correct current value. 

d. When the range swttch Is In the 50 pa position, the 

value Indicated on the 0-50 DC scale must be multiplied 
by 10 to obtain the correct current value. 



Wi When the range switch Is In the 50 pa position, current is 
read directly on the 0*50 DC scale.; c. When the range switch 
Is In the 500 ma position, the value Indicated on the 0-50 DC 
scale must be multiplied by 10 to obtain the correct current 
value.) . [ 
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5U For the remaining range positions^ 1 ma^ 10 m, and 100 ma, the 
0*10 DC scale ts used* tf the range switch ts In the 100 ma 
position^ the value Indicated on the 0^)0 DC scale must be mult! 
pi led by 10. 



What Is the current reading indicated below? 




(b) 90 ma 



52. in the drawing be)ow» how manv mPllamps will cause full meter 
deflection? ma 




lOOmo 



53* What Is the value of current Indicated? 



Four- I 
ma 




(52 maj 

Sk. If the range switch Is set on the 10 ma position, current Is read 
direct)^ on the 0*10 DC scale. 

What would the current reading be for the Illustration? 




(dj ^.6 ma 



^ 60 



Foufl 

55» What Is the value of current Indicated fcv the meter? 




(S>2 m) 



56» If the range switch Is set on the \ ma position, current Is read on 
the 0-tO OC scale and each number Is made a decimal: OJ, 0*2, 0*3, 
0»A, 0»5, etc/ Here you are really dividing by 10» For example, 
v/Ith the meter set up as shown below, current flow would be *2 ma* 




With the range switch on 1 ma, what Is the current reading 
Indicated below? 




tb). 0>^6' ma 
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57» What Is the value pf current Indicated by the meter? 





Into 



58» Hatch the^meter X scale to the range switch position* 

Range Switch Position ' _ Meter DC Scale 

t» 50 iia a. 0-50 

2. 1 m 

3* 500 ma b. 0-tO 

J A» 10 ma 

5» 100 ma 



{!> a; 2> b; 3* a; b; 5* bJ 
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59. Interpret the meter OC scale below by matching the Indicated 
current to the range switch position. 




Range Switch Position 

U 10 n« 

^ 2. 50 Ma 

5» I ma 

^ loo ma 

5* 500 ma 



Current 



rent 
mi|t] 



270 miill tamps 
b» .5^ mil t tamps 
27 microamps 
d. 54 mil! tamps 
e* 5*4 mil I tamps 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TESt FRAME 59 



1. 
2. 

5: 



e 

c 
b 
d 
a 



IF ALL VOUR ANSWERS HATCH THE CORRECT ANSWERS* VOU HAY GO ON TO TEST 
FRAHE 61, OTHERWISE* 60 BACK TO FRAHE 49 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 59 AGAIN. 



60. The jacks used for DC current measurements In the 0-1 ma-10 ma- 
100 ma-500 m ranges are markea common (-) and positive (+). These 
jacks are located In the lower left hand corner of the neter. 
Using the Illustration below* locate on your multlmster the coimton 
(-) jack and the positive ('-) jack. 




(Go to next frame) 



-/ 
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61* On thft Mlustratton below, check the arrows which point to the 
jacks use^ when making current measurements In the ranges of 
0*1 ma* Ip: me* 1 00 ma*500 ma* 

\ 



c 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 61 



c; e 



IF ALL VOUR ANS'MKRS HATCH THE CORRECT A"$WERS, YOU MAY GO ON TO TEST 
FRAME 6lt, OTHERWISE, GO SACK TO FRAME ANO TAKE THE PROGRAMMEO 
SEQUENCE BEFORE TAKING TEST FRAME 61 AGAIN. 



62. Using Practice Board 0-) , a 330 a resistor, and one dry cell, 
construct a series circuit as shown below. 




Make sure switch Is open. 



^ Go to next ffameTy 
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63* Following the steps below, measure current and record tt tn the 
space provided* 

K Set function switch to +DC» 

2» Connect black test lead In the cOTwnon (-) jack and the red 
test lead tn the {+) jack. 

Set range switch to the highest ma setting (500 ma), Since 
the exact current flow ts still unknown, starting at the 
highest ma range-swttch setting can prevent damage to the 
meter. ^ * . 

Ensure switch Is open, then break the clrcutu between T2 and 
T7, and place thP meter In series with the read.' Remember, 
% palarlty must be observed. ^ ' 

-5. Energize circuit and observe the meter pointer. If pointer 
di^flects^to the left, polarity Js opposite to that which was 
anticipated. De-energtze the circuit and reverse meter leads 
o*^ turn the function switch to -DC. Energize ^he circuit 
again. 

6. . Read the current On the 0-50 DC scale. If necessary, nove 
_ the tange switch to one of the other'ma positions until you 
get ^s close to a mid-scale reading as possible. After you 
haveL take:, and recorded your reading, de-energtze circuit and 
remove the test leads from the circuit. 

Circuit current ma 



(approximately ma) . 

64. Construct the series ctrcuTt shown below^ Then measure the 
current and record tt In the space provided. 



Circuit current ■ 



(this is a test frahe. compare your answer with the correct 
answer given at the top of the next page.)- 




«0 • 



P.I. 



Four- I 



ANSWER TEST FRAME (A 

Approximately 15 ma i 



IP VOUR ANSWER HATCHES THE CORRECT ANSWER. VOU MAY CO ON TO FRAME 
65. OTHERWISE, GO BACK TO FRAME 62 AND TAKE THE PROGRAMMED 
SEttUENCe BEFORE TAKING TEST FRAHS 6^ AGAIN. 



65. CinBpiete the following chart for using the S(mpson*260-5P multl- 
flMter as an atnmetttr. 



CURRENT 
RANGE 


FUNCTION SW.„ 
POSITION 


RANGE SW. • 
POSITION 


METER DC TEST LEADS POSITION 
SCALE RED BLACK" 


0-50 vn 








0-1 ma 


O-IO ma 


0-100 ma 









0-500 ma 



CURRENT FUNCTION SW. RANGE ,SW. McTER DC TEST LEADS POSITION 



.RANGE ' 


POSITION 


POSITION 


SCALE 


RED 




BLACK 


0-50 >ja 


+DC 


50 pa 


0^0 


50 va 


(-) 


conmon 


0-) ma 


+ or -DC 


1 ma 


O-IO 


i±) 


(-) 


conmon 


0-10 ma 


+ or -DC 


10 ma/amps 


O-IO 


(*) 


(') 


convmn 


Or 1 00 ma 


■f- or -DC 


100 ma 


O-IO 


(+) 


(-} 


common 


0-500 ma 


+ or -DC 


500 ma 


0-50 


(+) 


(-) 


common 
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66. Listed below a/e the steps for measuring 0-10 amps DC. At this 
tlme^ you wtl) not actually take current measurements using this 
range; however^ It Is Important to understand how to set up the 
meter to do so. 

K Place function switch at +DC_. 

2. Connect black test lead In the -10 a jack and the red test 
lead Jn the +10 a jack. 

J. Set the range switch on 10 a . ( N ote: This Is also the common 
setting for ID ma.) 

4. De-energtze circuit to be m^^c^sured and place the meter In 
series with' load while observing proper polarity. Red te5t 
lead to {+) black test lead to 

5* Energize circuit and observe meter pointer, if pointer de- 
flects to left> de-energIze circuit and reverse the meter 
leads. Energize circuit again. ( Note ; Function switch 
has no effect on polarity In the 0-10 amp range.) 

6. Read the current directly on the 0^10 DC scale. 



(Go to-next frame."! 



67» Refer to* step 6 4n franie 6t3. Hovj much curren; would be flawing 
in the meter below? amps. 



ampsT 



IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU 
MAY STUDY ANY OF THE OTHER RESOURCES LiSTEO. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLV^ GO ON TO THE NEXT LESSON. 
^ JF NOT> STUDY ANY METHOD OF INSTRUCTION YOU WISH I'NTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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SUHMARY 
LESSON I 

Measuring Current tn a Series Circuit 

We have already indicated that a scries circuit has only one path for 

current to flow, ('t " 'i " U = 'h^ ^ parallel circuit has two or 
more current paths* 




SERIES lAKALLEL 



Ranember that when you measure current you must connect the awneter tn 
series , not tn parallel* 

In thts lesson, you will learn to use the multimeter to measure current* 
It works Just like the simple ammeter, but the switches make It a little 
more complicated .to set up* The ammeter ranges of the Simpson 260 are 
0 to 1 mtlllampere, 0 to 10 mllUamperes, 0 to 100 mllllamperes, and 
0 to 500 mllllamperes* There are two special ranges, 0 to 50 micro- 
amperes and 0 to 10 amperes, that require the test leads be plugged 
Into special jacks. All DC current values are read on the scale marked 
DC , using the numbers which correspond to the range switch setting* 

If you feel you know enough about using the mu'tt'meter as an 
ammeter, perform tha experiments on pages 9 and 19 before you 
take the progress check- If not, study the Nanratlve and/or 
th*^ programmed sequence prior to performing the experiments. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, OR YOU HAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH* 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CjOR- 
RECTLY, GO TO THE NEXT LESSON* IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
lESSON II 

Voltage in a Series Circuit 

In this tesson^ you will study and learn about the foUowtng: 

^difference In potentta) 
^where potential difference exists In 
a circuit 
-voltage rise 
-voltage drop 

Each of the above topics wll) be discussed in the order listed* 
As you proceed through this lesson^ observe and foUow directions 
careful ly» 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON II 

Voltage in a Series Circuit 

To learn the material in this lesson, you have the option of 
choosing, c*:cording to your experience and preferences, any or all 
of the following: 

3TUDY BOOKLET: 

Lesson Narrat^^ve 
Prograimaed Instruction 
Lesson Suimaary 

ENRICHMENT MATERIAL: 

NAVPERS 93400A-la ''Basic Electricity, Direct Current/' 

Fundamentals of Electronics > Bureau of Naval Personnel, 
Washington, D»C»: U,S» Government Printing Office, 1965* 

You may study whatever learning materials you feel are necessary to 
answer the questions in the Lesson Progress Check* All your answers 
must be correct before you can go to Lesson HI, Remember your in- 
structor is available at all times for any assistance you may need* 

YOU NOW STUDY ANY OR Aa OF THE STUDY RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
USSON n 

Voltage a Series Circuit 

Difference tn Potential 

You know you can measure current anywhere In a series circuit 
and the ammeter will read the same number of amps* However, 
when measuring voltage^ you will get a reading only between 
points where a difference in electrical potential exists* 
You recall that this potential difference Is cal led voltage * 
Thfs means voltage Is measurable only between two points where 
one point Is more or less negative t*an the other point* Keep 
ir/mind that If we say more negative^ that also means less 
positive; or^ If we say Jess negative^ that also means more 
positive* 



Where Potential Difference Exists in a Circu it 

A potential difference exists U) a circuit: 

J* Wherever energy Is beinq applied to the circuit* 
This Is referred to as the voltage rise or rise 
In potential * 

2* Wherever lineryy Is being converted by the load* This is 
called a fal 1 tn potential and is often referred 
to as a vol taqe drop * 



Answer this question* 



At what point in the above circuit does the 
voltage drop take place? 



Answer: At the load (B) 



Voltage Rj$e 

Recall how chemical actton within a cell tends to cause 
electrons to pile up at the outer terminal of a dry celU 
making this terminal negative* You also know that this 
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causes the center terminal to be deficient in electrons* 
The certar terminal now ts less negative than the outer 
temlnaK Vflien one point ts more negative (-terminal) 
than another (+termlnal ) , we say that a difference in 
potential exists between these two points*' ^ 

ff vo1ta9e is measured across these points^ as shown in the 
figure below> you will get a voltage reading of about 12 volts. 



I2y 



This Indicates a rise in potential of 12 volts or that you have 
an applied vol t^e of 12 volts. You will normally see appl I eel 
voltage abbreviated as E^* A voltage rise may also be abbreviated 
E^ (for source voltage) , or E^ (for total voltage) . 



Voltage Drop 

When voltage is applied to a circuity you know tnat the electrons 
piled up at the negative terminal cause current to flow through 
the external circuit from the more negative post back around 
to the positive (less negative) post. 




tn the circuit below^ electrons have about the same ar^VQunt of 
negative potential at the top of the resistor as when they 
left the source. If you were to connect the probes of a volt- 
meter to the points shown In the !l lustration » the meter would 
read 0^ because almost no difference in potential exists. 




READS Ov 



We can therefore assume that free electrons at the top of 
resistor (&) are being pushed away from the negative terminal 
of the source^ 
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;Becau$^ £he toad offers resfstance to the electrons as they 
move^t^rough It, the electrons give up their energy tn the 
\ /formpf heat* Remeiriber, energy cannot be destroyed; It can 
^only)be changed from one form to another. 



As electrons, move through a resistance they give up their 

energy. Upon leaving the end of the resistor, 

nearly all the potential energy has been changed to heat energy. 

This loss of potential Is called a fall In potential or a 

vol tage drop * This causes the bottom of the load resistance 

to be less negative than the top, so the bottom Is designated 

as having a positive polarity* 




A difference of potential has now been developed across the 
toad. This difference In potential is the voltage drop . Note 
(-) to (+) here Is a drop since the energy suppl Ted by the source 
Is dissipated In the toad* 




It Is Important here to realize that a voltage drop wilt only 
^ bo developed when current Is flowing through some opposition. 
Although a very small energy toss occurs as current flows 
through the conductor, the resistance of the conductor Is very 
low and Is negligible tn most practical applications* In 
later units we wtti team how to compute voltage drops In a 
clrcul t * 
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Here are two "gotden rules" that wfll prove to be Invaluable* 

This first rule ts often called Krrchhoff 's Voltage Law . 

Rule K The total voltage drop in a series circuit wiU 
always equal the applied voltage . 



Answer this question* 



1 




V) 50V 



What is the value of applied vottage (E )? 

3 

a. 100 v 

b. 0 v 

c, 50 V 

d, 25 V 



Answer; c» 



This rule holds true no matter how many resistors are jn a 
series circuit* 

No t e : We number the resistors RJ_t R2^, and R}^tQ distinguish 
each particular one* 









R i 


So 




lav 






R < 




6v i 




Voltage drops, then* are designated as Ej^j > E^2* ^^y 
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Answer this question. 




Which of the below Is the voltage drop across R3? 



a. 2kv 

b. 6v 
c» Ov 



Answers 



6v 



The total of the voltage drops across all the resistors will 
always equal the applied voltage* No matter how many resistors 
are In a series circuity they will use the total energy put 
Into the ctxcult by the source* The ohmic value of each re* 
sistor determines how much voltage Is dropped across U* 

Another way of stating the rule ts: The sum of the voltage drops 
Ir a series circuit will always equal the applied voUage, 

Rule 2 . In a series cTrc^jjt the largest voltage drop wtTl take 
place across the largest resfstance * 

For example^ If you have a circuit with two resistors^ one of 
them 10 ohms and the other 5 ohms> the greatest voltage drop 
will occur across the IO*ohm resistor* 



20v 



tOv 



The 10-ohm resistor drops 20 volts while the 5-ohm resist:>r drops 
10 volts. Note the sum of these two: 10 v + 20 v » 30 v> the t^^ 




let's look at the second rule In a slightly different manner. 

In this schematic^ Rj^ ^ variable 
resistor and we can assume that because 
R2 Is dropping the entire amount of 
voltage that Rl^ ts adjusted to 0 ohms. 









Ea 

50v J 












ta 
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Ea 50v~ 


— 25v 


25v 



5a 



Now if Rl^ is set to the 50-ohm position^ 
notice that thej^oltage drop across 
decreases to 25 volts and the voltage 
drop across RJ_ increases to 25 volts. 
This is an important concept to rememberH 
Let's see if we can relate it to our two 
voltage rules* 



Rule 1 - Sum of voltage drops equals appl led voltage * (it did in 
both circuits J Notl ce that E is 50 vo 1 ts in both cir- 
cuits^ and that If the voltage^drop across R2 decreases, 
then the voltage drop across RI_ has to Increase* 

Rule 2 ** Greatest voltage drop will exist across largest resistance . 
Notice as the val*:e of Rl increases^ then the voltage drop 
across it also increases. If RJ_ were increased above 50 
ohms^ then more voltage would be dropped across Rl than 
R2* 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU HAY STUDY 
ANY OF THE OTHER RESOURCES LISTED* IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAHHEO INSTRUCTION 
LESSON 1 1 

Voltage In a Series Circuit 

TEST FRAMES' ARE 20 AND 2^^. AS BEFORE, GO FIRST TO TEST FRAME 20 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIREC- 
TIONS GIVEN AFTER THE TEST FRAME. 



K You know from the previous lesson that current can be easured 
anywhere In a seWes circuit. Voltage^ however^ can be nteasured 
only between tv^ points where one point Is nore (or less) 
^negative than another point. 

Voltage Is measurable: 

a. where a difference In potential exists In a circuit. 

b. anywhere In a series circuit. 



r 



(a) "where a difference In potential exists In a circuit." 



2, A difference In potential or potential difference car only exist 
where electrical energy Is generated or where It Is used by a 
^ load or resistance^ 

\ At whkt points In the circuit below can voltage b'& measured? 



(a; b; c) 



P.t. Four-H 
3* At what places tn a circuit does a potential difference exist? 

, a» at the source which supplies electrical energy to the 

circuit* 

b» 5t the conductor which carries electrical energy to the 

load 

c» at the load which receives and uses electrical energy ^ 

(a» at the source which supplies electrical energy to the circuit; 
and» c> at the load which receives and uses electrical energy.) 

The potential difference Is developed across the load by current 
flowing through the toad. Since we know that current In ^ circuit 
outside the source flows from negative to positive, the point where 
current enters the toad device Is labeled negative and the point 
of departure I^s^abeled positive. ^ 

Label the voltage drops with proper polarlt^'es. 

_iz 



lERiC 
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^. Which circuit has a difference tn potential across the load? 



I 



1 



6» In a circuit with an open switch* there will be some niovement of 
electrons within the wires of thp circuit* This mov**ment will 
continue unt M the contact points of the open switch are at the 
Same electrical potential as the terminals of the source to whtch 
they are attached* 

. What potential difference exisj^s across the switch In the circuit 
*l I lust rated below? 



12v 



"(The same as the source or 12v) 



7* Between what points rn the circuit below does a potential 
difference exist? ^ ^ 





a* A and B 

b* B and C 

c* C and D 

d» D and t 



AO 



ta. A and B; c. C and D) 
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8. A potential difference across a source (S crMed a voltage rise 
or rise In jJotent taK 

At what points In the circuit below does a voltage rise exist? 




9* The placj In the circuit where voltage Is used by the load Is 
referred to as the voltage drop or fal 1 In potential > 

At what points In the circuit below does a voltage drop exist? 



q 



(D 



(a, c) 



10. Natch. 



K where energy Is being used a. voltage drop 

by a toad 
Z* where voltage Is being applied 

to the circuit at the source b. voltage rise 
3* rise In potential 
4* fall In potential 



(L a^ 2. b; 3> b; a) 
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11. Study the schemattc, then answer the questions be^ow. 




1. At what point does a voltage rise exist? 
2» At what points does a voltage drop exist? 



(K h, c) (2> b^^TTTiJ 



12» Hatch the letters on the schematic to the corresponding voltage 
concepts* 




1. yoltage rise 

2. zero (0) difference In potential 
3* voltage drop 



■ t1. a) '.Z. b an d d) (3. c) j" 

I" 
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13* The voltage rise at the source Is often abbreviated (for 
source voltage) , E (for appl led vol ta ge) , or {for t o ta l 
voltage) . 



Which circuits are correctly labeled? 
o b c 



ta 





\k* A voltage drop Is often abbreviated just E^, but if there are 
several voltage drops In the circuit, each ts labeled as E^^p 
*tc., for differentiation. 

Check the circuits that have the voltage drops correctly labeled. 



[ 



B 


1 7 




i 



-AAA 



TaTbT 



IS* Which circuit has the polarity of the voltfige drops correctly labeled? 



tAAAtzt 



■r2 . 

■aaaA 



■AAA — 



_L€o 



+ ^2 . 



" — 1ST . 

(REMEMBER: Poliritles are labeled negative %q positive across tne 
load in the direction of current flow.) 
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16. in a dry cftl 1 , chemical energy is Converted and produces electrical 
potential energy. When an electrical 'oad is connected to a voltage 
source (such as a drV cell) nrost of the electrical energy supplied 
to the load is changed to heat (or other forms of enef-gy) within 
the toad. The cnange to a different form of energy causes t^^ 
electrical ener^, to decrease. Thi? decrease in electrical energy 
within the load is called voltage drop. For example, !f the potential 
energy gi-'en to free electrons, as they are moved by the EMF within 
a cell, Is 1.5V, "then the sape amount of energy, 1.5V must be given 
up by free electrons as they pass through the load. 

In the circuit below, how much voltage Is dropped across the 
load? 



Ea3v 



(3 volts) 



17. Regardless of the number of loads in a series circuit, the total 
applied voltage will be divided between the loads. 



What is the voltage dropped (Ej^j) across R3^ in the circuit? 



a. 
b. 



1.5 V 

it. 5 V 

3.5 V 
1 V 



Eo 



— 45v 



ER3 



J.5V 
■AAAr- 
^R2 



2v 



^d) 1 V 
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19. tn a series circuit, the su m of the voltage drops will always 
equal the applied voltage. This is commonly called Kirchhoff s 
Voltage Law. 

What is the voltage drop i^^2^ across R2 in the circuit below? 



V. 



Er; 6v 



ta 
I2v 



19. Uhat is the applied voitage in the circuit below? 

a. J2v 

b. 3v 

c. 6v 

d. I8v 



ta 



•3v 



►I2v 



*M 3v 



(6) 18v 



8i SS 
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20» Study the schemattc> then check the statements that are true. 



a» The voltage rise Is equal to the sum of the voltage drops* 

b. The total voltage dropped is 13 volts. 

c» Tne voltage drop across RI_ is greater than the voltage 
drop across R2^» 

d. The voltage rise at the source ts k volts. 

e» The total applied voltage is Id volts. 

f» The rise in potential is 9 volts* 

g» The polarities indicated for both voltage drops are 
correct » 

h» The polarity Indicated for E... is correct. 



(THIS IS A TEST FRAHE. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 




Ea 
9v 



+ 



Eri Sv 



82 



S3 



Four*( ( 



AHSWE^S - TEST FRAME 20 

a* The voltage rise is equal to the sum of the voltage drops 

The voltage drop across Ri^ is greater than the 
vottage drop across IR2* 

The rise In potential is 3 volts* 

g* The polarities indicated for bot^r voltage drops are 
correct* 

h. The polarity Indicated for Ep, Is correct* 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, VOU MAY GO OH TO 
TEST FRAME 2i . OTHERWtSE, GO BACK TO FRAME 1 AND TAKE TH£ PRO- 
" GRAMMEP SE(iUENCE BEFORE TAtCfHG TEST FRAME 20 AGAtN. 

21* The second rule for a series circuit is: 

In a series circuity the largest voltage drop will take place 
across the greatest resistance* 

Which resistor wiU have the largest voltage drop? 



~1 



a* Rl 
b. R2 
c* R3 




AAA,^ — 




(b) R2 



83 

90 



p.(. 



22. Study the schematic below. 
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20v 

I VA- 



Sv 



X. 



tOv 



^R3 

Uhlch resistor has the largest ohmlc value? 



Hi 



a. Rl 

b. R2 

c. R3 



(c) R3 



23> The largest voltage drop in a series circuit will occur ^across 
the: 

a. reslstpr cJosest to the negative side of the source 

b. resistor with the highest ohmic value. 

c. load having the lea^t resistance. 



(bj fffSistor with the highest ohmic value. 



2^^. Circle the reststo,* In each schenatlc that will have the largest 
voltage drop. 



^2 
Sv 



iatSv 



EaSOv 



"2 t5£J 

-WV— 



25v: 



TTHIS fS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN Of THE TOP OK THE NEXT PAGE.) , 
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ANSWERS - TEST FR.".ME 24 




0 



IF ANY OF YOUR ANSWERS S INCORRECT, GO SACK TO FRAME 21 AND 
TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUUY ANY OF T!l£ OTHER RESOURCES L/STED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL. THE QUESTIONS CORRECTLY, 60 TO THE 
NEXT LtSSON. IF NOT; STUOY ANY METHOD OF INSTRUCTION YCU WISH 
UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLV. 
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SUMMARY 

. ^ LESSON M 

^ Voltage in a Series Circuit 

Offference In potential, you wMl recall, Is a difference in the 
amount of charge between two points* This means that one ov the 
points Is more negative (or less positive) than the other* 

A potianttal dlffere^ice exists at the source where the^^e Is a rls^ 
In potential, and at a load where there Is a voltage drop* The 
voltage rise at the source ts often labeled £ (for source voltage)^ 
E 'for applied voltage), or E (for total or^tarmlnal voltage). 
A voltage drop Is often abbrevTated simply E^, but If there are 
several voltage drops In t** circuit, they moy be marked E-. , , E-^, 
etc*, so each can be Identified* 

The total voltage rise In a circuit always equals the total voltage 
drop In that circuit* tn other words, all the energy gWen to the 
free electrons by the source is given off as heat as they pass ^ 
through the load* This Is the first rule for series circuit con^ 
ditlons; It Is actually an electronic equivalent of the principle 
of conservation of energy, and Is known as Kirchhoff's- Voltage Law * 
Thus: , 

THE TOTAL VOLTAGE DROP IN A SERIES CIRCUIT WILL ALWAYS EQUAL 
THE APPLIED VOLTAGE* 



What Is the voltage drop (^^2^ 
across R2 In this circuit? 



(Answer: 8 volts) 




No ms^tter how many resistors are in a $er(es circuity the total 
applied voltage wll-t be divided among the resistors, and at) 
the voltage will be dropped* The resistance value of each resls^ 
tor J^termlnes what portion of the applied voltage will be dropped 
by It* The resistor with the greatest resistance will get the 
largest shctre of the voltage^ the second*largest resistance witl 
get the second^largest voltage, and so on down the line to the 
sfnallest resistance. The second rule for series circuit Isr 

IN, A SERIES CIRCUIT, THE LARGEST VOLTAGE DROP WILL TAKE 
PLACE ACROSS THE LARGEST REStSTANCT 

If you place In series a variable resistor, a fixed resistor, and 

a source, the voltage dr'op across the variable resistor will increase 
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or decrease as the resistance goes up or down^ and the fixed re- 
sistor win always drop the rest of the applied voltage. 

The diagram below Illustrates the circuit at three different setVjngs 
of a variable resistor. 



.Ca30v 




AT THIS POINT, YOU HAY TAKE THE LE'iSON PROGRESS CHECK/ OR YOU HAY 
STUDY THE LESSON N^RRATrVE OR THE. PROGRAMMED If^STRUCTlON OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTION? COR- 
RECTLY, GO TO TH£ next lesson. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTL-V, 
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OVERVIEW 
LESSON III 

Using the Haltlmeter as a Voltmeter 

In this lesson you wilt study and team about the following: 

'meter connections 
-Interpreting the OC voltage scale 
-practical measurement of OC voltage 
(0-30v) 

-measuring OC voltage (30-lOOOv) 
-measuring AC voltage (O-IOOOv) 

Each of the above topics will be discussed !n the order listed. 
As you proceed through this lesson^ observe and follow directions 
carefully* 

BEFORE YOU START THIS LESSON, PREVIEW THE IJST OF STUOY RESOURCES 
OH THE NEXT PAGE. 
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LIST OF srUDY RESOURCES 
LESSON Mi 

Using the Multimeter as a Voltmeter 

To team the material In this lesson^ you have the option of choosing^ 
according to your experience and preferences^ any or all of the following: 

4 

STUDY booklet: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT material: 

NAVPERS 93J^OOA-Ia "Basic E,lectrlclty, Direct Current." 

Fundamentals of Electronics * Bureau of Naval Personnel. 
Washington^ \>X^% U.S. Government Printing Office^ 1965. 

AUDIO-VISUAL: 

Sound/Slide Presentation - "Measuring Voltage With a Multimeter." 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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Using the Hultiirreier as a VoUmeter 



You have learned to use the multimeter to measure resistance 
avid direct current* We are now gbing to use it to take DC and 
AC voltage readings* The settings and connections to use 
the multimeter as a voltmeter will be different than the ones 
used wiien using it as an ammeter or ohmmeter* 

A Word of Caution : Always connect a voltr.^ter in parallel 
* (across) the potential difference to be measured, never 
^in series. Recat! that this is exactly opposite to the way 

we connect an ammeter* 



A Little on Voltmeter Theory 

tf wc think in terms of current (the flow of electrons) being 
the only electrical quantity^ that moves within a circuit, then 
all meters must operate on current flow* !n other words, some 
amount of current causes all meter pointers to deflect* In 
the case of a voltmeter, it operates on a very small amount 
of current but the meter face is calibrated in volts* When a 
voltage ts applied to the test leads, a current flows from tlie 
negative jack through the function switch to the meter movement, 
through the meter movement to the proper multiplier resistor, 
as selected by the range switch, and then through the range 
switch to the positive jack of the meter* The range switch 
selects the proper multiplier resistor for the r^nge of voltage 
being measured. 

The function of the multiplier resistor Is to limit the current 
to a vatue that wilt not damage thb meter movement. 
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* 
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Interpreting the DC Voltage Scale 

Vou wIVI use the black a>c labeled DC (second from the top) for 
all DC voltage measurements* Recall that this Is the same arc 
(scale) We used to read current* 

The three rows of numbers directly under the DC arc will be 
used to measure values of voltage* The row used will depend 
on the position of the range selector * If the range switch 
is set on 2*^ v> simply put an imaginary decimal point before 
the last two digits on the 250 row*^ Vou are actually dividing 
by 100* If the range switch Is set on 10> you read the 10 v 
scale directly; If set at 50> you read the 50 v scale directly* 
When the setting Is 250> you read the 250 v scale directly* 
If the range switch Is In the 1000 v position^ use the 0-10 
scale and add two 2eros to the Indicated value* Here you are 
multiplying by 100* 

(S» Illustration on next pa^4 \ 
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In this IMustratlon^ the meter reads 2 volts* 



Measuring DC Voltage (0-30 Volts) 



K Ustng Practice Board O'-K ^ )00 A resistor^ and four dry 
cel1s» construct a series circuit as shown below* 




'* 101 
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NOTE : Before you wire the variable resistor into 
the circuity adjust ttto 0 ohms, "o do this, set 
the fBultimeter up as an ohmmeter, zuro it^ connect 
a' test lead to each wire of the rheostat, and turn 
the resistor knob until the meter registers 0. 
Connect ^ Into' the circuit* ^ 

I* Set up multimeter as voltmeter to read 0"50 volts. 

(You knov/ the source vol tage Is 6 v») 

^ a. Set function switch to +0C^» 

b. Plug black test lead into common (") jack and 

red test lead Into (+) jack* 
c» Set the rancje selector In the 10 v position* 

NOTE : When in dd^bt about the amount of voltage, 
always use the highest voltage range (lOOO v)» 

d» Observe the correct polarity and place meter 

leads across Tl and T8 and nieasure applied voltage* 
If pointer deTTects to left of 0^ the actual 
circuit polarity Is opposite, to that which was 
anticipated^* Place function selector In the 
-DC position to correct the polarity as applied 
' to the meter. / 

3* Energize the circuit and place meter range switch In 
.he to V position* 

Read voltage on black DC arc* Record 



You read approximately 6 v^ as you would expect^ because you 
are reading the difference of potential across the source^ 
or the voltage rtse» 



5» To read the voltage drop across r2_, connect meter 
probes, across T6 and t5* 



6» rtead and record 



You should nave read 0^ because the resistor Is set at 
0^ and there »s no voltage across It* It- Is 
acting like a straight piece of wire in the circuit and 
has no <)ifference In potential* 



7» Plac^ probes across T2^ and T3_ to read the voltage 
drop across RK Remember to observe polarity* 



8» Record 
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The voltage. drop across Rj^» which we designate as E..^ Is 
approxtmateJy 6 v ^- the amount of voltage applied to the 
circuit. All of the applied vo)tage ts being dropped 
across FM^ because we consMer It as the only opposition 
to current In the clrculf. 

Now let's see what happens when we add resistance to the 
circuit by varying R2. 



1- Connect the probe clips across R2. 

2. Slowly turn the knob on the variable resistor to 
increase resistance. 

3» Observe the met€Sr. 

Turn the knob 4jn til R2^ Is at full resistance (as far 
as knob wll 1 turn) . 

5* What Is E.^? . 



You read that Is approximately 2 v when R2 Is at 
Its maximum resistance value and Is In series with RJ_. 
As R2 Is now about SO Q and Rl is 100 U, this demonslrates 
that the greatest voltage drop takes place across the 
greatest resistance. 



6- leaving R2 at maximum 50 £1> connect probes across Rj^. 
7* Ep* equals * 



£n. then Is approximately k volt^ demonstrating that the sum 
of the voltage drop equals the applied voltage. Note that 
these values (2 v and k v) are not exact because we need 
to allow for meter and circuit tolerances. 



8. Reconnect probes across R2 and vary resistance again 
until you read approximately 3 v ori the met^r. 

9. Then read E.. to see tf you also read approximately 
3 V there. 



^You have observed that as the value of R2^ increases^ 
S 2 Increases and E j decreases. The reverse Is also 
^rue* Afi R2^ decreases^ decreases and E , Increases 
lo that the sum of the voTTage drops equals (he applied 
Voltage* 
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Now we are going to measure voltage at one poiqt in your power 
supply. Measure only as instructed; othemisc you^wMl be dis 
Vegardlng safety precautions and you might encounter high volt 



tagesn 



Your power supply has an AC source, so you w411 be measuring an 
Ac voltage for- the first time. 



WARNING: Be extremely carefuK Do not touch the. meter or test 
leads while power is on fn the circuit being nteasured, Be 
sure power Is off when connecting and. disconnecting test leads, 

1 , Be sure power' supply is unplugged from the wall outlet , 

2, Set up the meter to read 0-1000 volts AC< 
a. Set function switch tq^AC, 

b< We will' be reading a voTTage between 20 v and 30 v, ' 

so place the range switch In the 50 v position, 
c. Plug leads as usual; 

3, As we are measuring AC, poiarlty need not be observed. 
Connect ieads-across Tj_ and T8^ (nowhere else^ . 

Plug power supply fntowafi outlet and energize by closing 
the iJw! tch, ^ * - 

5* Recard fneter reading, ^_ 'Read the red arc m^rlced 

AC sTnd use the blacic, figures immediately above^ the arc . 
that correlates with the position of the range switch. 
We are in the 50 v posltlbn so we use the 0-50 figures. 
You should be reading approximately 30 v AC. 

6. De-energize circuit and remove test leads. 
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Measuring DC Voltage (30-1000 Volts) 



You will not actually Tneasur^ vol tages' -sbove 30 volts while in 
this ^school because of safety considerations. However, you 
should* understand how to set up the meter to do so. The im- 
portant thing to remember here Is that you wt 1 1 not touch 
the meter leads or meter while It Is conqected^ to an energized 
circuit if the voltage to be measured Is above 30 volts. ^ 

You have already learned the jnltlal steps In setting up the 
meter. 

You also know how to set the range tn any of ,th*j five positions. 
When tn doubts use the highest voltage ran^re/ Obser've the 
meter reading. If the voltage Is within a lower range^ the 
switch may be set for the' lower range to cbtaln a more accurate 
reading. 
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Nc^te: De-enei'glze the circuit prior to turning range. switch. 

When you energize the ctrcuU to be tested, tf the pointer 
deflects to the left of 0, the ct rcui t polar tty ts 
opposite the anticipated polarity* Tu/n the circuit power off. 
Set the function switch at *DC , and turn the power on/ This 
win correct the polarity as applied lo the meter* Read the 
voltage on the black arc marked D£» Turn the circuit power 
off before disconnecting leads* 

Measuring AC Voltage (30*1000 volts) 

, » * • " 

Warning : Here again If the voltage to be measured ts above 30 
volts, do not touch meter'cr Its leads while they are connected 
to the energized circuit . The circuit must be de-energlzed when 
making meter connections. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU mY STUOY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS, CHECK 
AND ANSWER ALL OF THE QUESTIOKS CORRECTLY, YOU HAVE MASTERED THE 
MATERIAL AND AR5^,READY TO TAKE THE MODULE TEST. SEE .YOUR INSTRUCTOR. 

IF YOU DECIDE^NOT TO TAKE JHE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD. OF INSTRUCTION 
YOU'WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUE^STl'ONS 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 
TEST. 



l4)o 
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. PRQGRAMMED INSTRUCTION 
LESSON III 

* Using the Multimeter as a Voltmeter - ^ 

TEST FRAMES ARE 7, 31, 3^, ^3, 52, AND 56, AS BEFORE, 

GO FIRST TO TEST FRAME 7 AND, SEE IF YOU CAN AN&WER AU THE QUESTIONS 

THERE. FOLLOW THE DIRECTIONS GtVEN AFTER THE TEST FRAME. 



Recall that voltage is measurabie only where there is a dlffer- 
-ence of potential. ' Between what points In the circuit can voltage 
be measured? 



a* A and B 

b, C and D 

c, B and C 

d, A and F 

e, D and E 



AO 



ta. A and 6; c. 6 and C; e. D and E) 



2. When using the multimeter as a voltmeter for measuring voltage, 
It must always be connected In parallel with the pot^attal 
difference to be measured. 

Which meters are correctly connected for measuring voltage? 
Meter #1 , | 



a. Meter #1 | "1 

b. Meter #2 ' JL 

•c. M'^ter #3 JS) -rr 

' . _ d. Meter ^ ^^L^ 

I Laaa^ 



e. . Meter #5 . ^ 




A^.' .Meter i{fl ; c. Met6r ijfj; e. Meter~7?T 
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3* The Simpson 260-5P multimeter ts capable of measuring either 
AC br DC voltages. 

Which control on the multimeter determines whether AC or DC 
voltage values ar« to be Fi^asured? 

a* 0 ohms 

b» function switch* 



(b) function switch 



When measuring DC voltage, polarity must be observed. 

The negative probe of the meter must be connected to ^ point of 
negative polarity and the positive probe of the meter to ^ point 
of positive polarity. 



Which schematic shows the multimeter correctly Installed fo* 
DC voltage ^asurements? 




Four- 1 \U 



6* Whett.used to measure AC voltage, meter polaritv does not have 
to be observed. Which schematic shows the meter correctSy 
installed for AC voltage measurements? 




L . 




lA, 8 - both are" corrects 



7* Hatch; 
1. 



T— VW\A/V — I- 



I — 

VOLTAGE 
3. SOURCf 



AC vol tage meter 
connection 



DC vol tage nteter 
connection 



incorrect voltmeter 
connection (AC S DC) 



(this ISA TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FflAME 7 
K b 

2. a' 

f 

3. c 
h. 3 



Of 



f 



IF ALL YOUR ANSWERS HATCH THE^CORRECf ANSWERS, YOU MAY GO ON TO TEST 
FRAME ]k. OTHERWISE, .GO SACK TO FRAME 1 ANO- TAKE THE PROGRAMrtED 
SEftUEHCE BEFORE TAKING TEST FRAME 7 AGAtN> 



8* The Mlustratton below shows the meter scales and controls that 
are used with the voltmeter section of the Simpson 260-5P multi- 
meter* Con^are the Illustration with the meter provided, ^then 
match the letters to the parts of the multimeter. 





I ^ function swllcb 
2. (+)^test Jack 
3» rapge switch 
cdmmon (") Jack 



5* DC voltage scale 
6.. AC voltage scale 
7. 2.Sv AC scale 



PJ. Four-ill 

9» When measuring DC voltage^ the function switch niust be in the 
+0C or *0C postton (depending on the polarity of voltage being 
measured) » 

What function switch setting(s) can be used when measuring 
direct current voltage? 






(a, c)^ 


tO» To measure direct c:urrent, the function 


Switch must be In the 


. or the 


positions* 






{-^dCt -DC depending on the polarity) 



Four-Ill 



IK When setting up the multimeter to read DC vottage, the function 
switch Is normilly placed In the ^DC position. Remember DC 
voltige measurements require that polarity be observed. 

Which drawing shows the multimeter correctly connected for 
measuring DC voltage? 




4 




1^" 
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12» The pointer of the multimeter when not measuring current or voltage^ 
should rest at the "0" position* When the meter is properly connected 
to measure current or voltage^ the proper polarity must be observed. 
The pointer will then move to the rJght* 



Which pointer position Indicates proper polarity of the meter 
connection? 





0 
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13' )f for some reason the meter Is connected Improperly^ the function 
, switch can be used to change the polarity of the meter without 
removing the meter leads from the circuit under test. The 
Illustration below shows an improper meter connection. Check 
the function switch position you would use to i^rrect the meter 
connection. 





(a) 



113 I 
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Check the statements that are true* 

a» When measuring voltage, the function switch must 

always be tn the -hOC position* 

^b. When reading DC voltage, polarity must be observed. 

xt^^.When measuring DC voltage, correct meter connection 

will cause pointer deflection to the left of zero* 

d. Meter polarity can be changed by moving the function 

switch to either +DC or *pC * 

e» Meter polarity can only be changed by removing the 

test leads from the circuit and reversing them. 



(THIS IS A TEST FRAME. oCOMPARE YOUR ANSWERS WITH THE 
CORRECT ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



^14 
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ANSWERS - TEST FRAME U 

b. When reading DC voltage, polarity must be observed. 

d. Meter polarity can be changed by moving the function 
switch to either +DC or -DC. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 31- OTHERWISE, GO BACK TO FRAME 8 AND TAKE THE PRO- \ 
GRAHMED SEQUENCE BEFORE TAKING TEST FRAME U AGAIN. 



15. Look at the range swftch positions on your multimeter, then 
label the five voltage positions on the drawing be?ow just 
as they are marked on your meter. 
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16* Each voltage range-swttch marking represents the maxtmum 
voltage that the muUtmeter ts capable of measuring when tn 
that position* For example tf the range switch ts set to 
50 v^ this means that the voltage range ts 0-50 v; tf the 
range switch fs set to 10 v^ the voltage range wDu?d be 0-tO v, 

What would the voltage range be tf the range switch were set 
to 250 V? 

a* 250-1000 V 

b* 0-250 V 

c* 10-250 V 



(bj 0-250 V 



17* Look at the voltage range swttch postttons ag^tn, then list the 
voltage ranges the meter^ ts designed to measure, (Any order*) 

a* 

b* 

c* 

d* 



(0-2*5 v; 0-10 v; 0-50 v; 0*250 v; 0-1000 v/5000 v) 



18* The meter scale used for measuring DC voltage is the black arc 
that ts labeled DC (second from top)* Locate the DC scate on 

your multtmeterj then check the ^rrow that points to the DC 
scale in the illustration* 
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19*- Look at the DC scale on your nultimecer again. Notice that there 
are three rows of numbers under the black arc calibrated 0-250> 
0-50> and 0-10. All three of these meter scales are used for 
DC voltage measur^ents. The position of the range switch (2,5 v> 
10 v> 50 v> 250 V, 1000/5000 v) will determine which DC meter 
scale to use. 

Which diagram correctly identifies the numbers used for measure- 
ing DC voltage? 




20* When the range switch is in the 2.5 v position^ use the 0^250 DC 
scale and divide the indicated value by 100. What would the 
voltage reading be for the illustration? 




(a) K25 V 



P.I. 
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23. If the range switches in the ICOO v position, use the 0-iO OC 
scale and multiply by 100. 

Whdt would the voltage reading be for the illustration? 



V OC 





The voltage tndtcdted ts 



{5W V OC) 



Zh. Which illustration could indicate a voltage value of ^6o 
votts on the Simpson 260? 




I I I J M i 




b. 





IbT" 



1L9 



112' 




26. Match. 

Meter Scale . , Range-switch Setting 

1. 0-10 X 100 a. 2.5 V 

•2. 0-250 T 100 b. tOOO V 



(1. bl 2."3T 



2/. If the range swftch !s set on the 10 v postttpn, voltage ts 
read directly on the 0-10 OC scale. 



What' would the voltage reading be for the Illustration? 




(d) ij.b V OT 



lERiC 
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28. If the range switch ts set on the 50 v posttton« voltage fs 
riad <(Ireotlv on the 0-50 DC scale* 



' Wf^tat would the voltage reading be for the illustration? 




157 26 V DC 



29» If the range switch Is set on the 250 v position^ voltage Is 
read directly on the 0*^250 DC scale. 



What would be the voltage reading for the illustration. 




ta) 13S V DC 




p.t. 
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'30' Hatch the meter DC scale to the rang'* switch position. Meter 
leads are connected to conwon (-) and (+) Jacks in every case. 



Range Switch Position 

K 2.5 V 

2. 10 V ■ 

3. 50 V 

, 250 V 

5. 1000/5Q00 V 



Keiter DC Scale 

f 

a . ' 0-50 

b. 0-10 

c. 0-250 



(I . c; 2. b; 3. a; c; 5. b/a) 



31* interpret the meter DC scale below by matching the Indicated 
voltage to the range switch position. 




tTHIS IS A TEST FRAME. COMPARE YOUR ANSWER? WITH THE CORRECT 
' ANSWERS GIVEN ON THE TOP OF THE NEXTPAGE.) 
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ANSWERS - TEST FRAME 31 

1. e ' 

2. c 
3' d 

5. a 



IP All VOUR ANSWERS NATCH THE CORRECT ANSWERS, VOU NAV GO ON TO TEST 
FIUVME Ik, OTHERWISE, GO SACK TO ERAME 15 ANO TAKE THE PROGRAMMEO 
SEaUENCE BEFORE TAKING TEST FRAME 31 AGAIN. 



32. When using the multimeter to read'OC voltage, the common (-) 
test jack and the (■*■) test jack are used. 

Using the tllustratton below, locate on your multimeter the common 
(-) jack and (+) jack. 




'~(Co to next frs^rie.J 



IK 
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3^* Check the controls, Jacks and scales that are used for 
measuring DC voltage, between 0-1O00V. 



« 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS -GIVEN AT THE TOP OF THE NEXT PAGE.) 



US 
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ANSWERS - TEST FRAME 3^ 
8, E, F, L 



IF ALL YOUR ANSWERS HATCH THE- CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME ^13. OTHERWISE, GO SACK TO FRAME 32 AND TAKE THE PROURAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 3^ AGAIN. 



35. Using practice board 0-) and components avallable^^tn the 
resource center, construct a series circuit as shown below. 



1.5V 
t.5v 
Wv 
1.5V 




Ri won 



"2 

0 son 



o'5 



NOTE: Before you wire the rheostat (R2) Into the c)rcu!t, set 
ft at 0 ohms* To do thts» set up the multimeter as an ohmineter^ 
zero \tp connect a test lead to each wire of the rheostat and turn 
the knob until the meter registers 0. Connect R2 Into the 
circuit* ' If a review of the ohmmeter function of the mul t imeter 
Is needed^ refer to Module Three ^ Lesson iV^ 



36. Listed betoW are the proper steps for setting up the multi- 
meter for nieasuring DC voltage* 

1. Set the function switch at +DC^. 

2* Plug the bVack test lead tnco the common (") 
jack and the red test lead into the W^Jack. 

3* Set the range switch at the JOOO/5000 v position, 

( Always start with the highest voltage range settings 
and then reduce as necessary to obtain a reading near 
mtdscale.) 

Following the steps listed above, set up your multimeter, then 
check your meter set up against this illustration. 




(Go to next frame/^ 
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37» Energize the series circuit you have constructed^ and d)serving 
correct polarity (red test lead to positive side of the source 
and black test lead to negative slde)^ place the met^r leads 
across TI and T8» 



<y) 



1 



, tSv 
— 15v 



*T ^ 



R) toon 



0 50Q 

— 



o'5 



If the meter pointer deflects to left of "Of, the polarity is 
opposite to that which was anticipated* Place the function 
switch In the -DC position* This will correct the polarity as 
applied to the meter. 



tGo to next framej 



38* Decrease the range switch setting until you get a reading near 
midscale* Be careful not to turn to a range setting lower than 
the voltage present. At what range-switch position do you get 
the best midscale reading? 



(10 V pojItlonJ 

39* Read the voltage on the black DC 0-10 scale* What Is the 

value of the applied voltage (E^) In the circuit? 

volts* 



TI t= 6 V approximate) 



40* Place the test probes across T5^ and T6* What Is the voltage 
drop across (variable resistor)? 



(Eg2 0 volts} Because the resistor Is set at 0^> there will be 
no voltage dropped across It* The resistor is acting like a piece 
of wire In the circuit and has no difference In potential* 




P.l. Fo»jr-1ll . 

Next place your probes across Rl_ (between T2 and T|) . What Is 
the voltage drop across RH v. 

^ tEj.^ » 6 V *ipproxImate) Recall that the sum of the voltage drops 
must equal the applied voltage and fn a series circutt, the 

greatest voltage drop takes place across the greatest resistance* 
In this case, t^^ (6 y) + (O v) « (6 v). 



kZ. For your next measurement, connect the probe clips across RJL 
and Increase the resistance R2 by turning the knob* Observe 
the meter* The voltage drop across R^^ should decrease as the 
resistance of R2^ Increases* Remeirfeer , .the sum of the voltage 
drops must equal the applied voltage* If the voltage drop 
across Rl^ Is decreasing, then ti.e voltage drop across R2 must 
be Increasing* Connect your test clips across R2 and see tf 
this t$ true* Add the two voltage drops, the^^ uld equal 
E * (Remove test leads and de-energIze the cK^jit*) 



{Qo to next frame TT 



43* The diagram below Illustrates a circuit with a variable re- 
sistor, a fixed resistor, and a source connected In series* 
The variable resistor Is shown at three different settings. 




Check the statemeats that are true. 

a* The largest voltage drop will lake place across the 

least resistance, 
b* The voltage drop across the variable resistor Is always 

greatest* 

c. The voltage drop across the variable resistor will become 

greater or Smaller as the resistance goes up or down* 
^ d* The voltage dropped across a fixed resistor always 
remains the same* ^ 
e* The sum of voltage drops always equals the applied voltage- 



(THIS tS A TEST FRAHE* COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS Given AT THE TOP OF. THE NEXT PAGE*) 



P.I. 



Four-rtI 



ANSWERS - TEST FRAME 

c. The voltage drop across the variable resistor will 
become greater or smaller as the resistance goes up 
or down* 

*e» The sum of voltage drops always equals the applied 
voltage. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME kk. OTHERWISE GO BACK TO FRAME 35 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME il3 AGAIN. 



hh^ Using Practice Board 0-1 and components available In the resource 
center, construct a series circuit as shown below. 



Rl 1(3 



r 




Energize the circuit then measure and record DC voltage at 
the points Indicated below. 



a. Test points T2 to T3» 

b. Test points T3 t' "W. 

c» Test points T5 to TS'. ^ 

d. Test points T7 to Tff. 

e. Test points TI_ to Tff. 

De~energlze circuit and measure and record voltage at: 

f . Test points T7 to T8» _^ volts. 



vol ts. 
vol ts. 
volts, 
volts, 
vol ts. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 



123. 



P.I. 



Four- 1 1 1 



ANSWERS - TEST FRAME ^t^t 



a. 
b. 

c. 

d.. 



1.3 volts 
2.6" volts 
0.6 volts 
0 volts 

volts 
it. 5 volts 



(am answers are approximate) 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 52. OTHERWISE, SEE YOUR INSTRUCTOR BEFORE CONTINUING 
WITH THE PROGRAMMED SEQUENCE.' 



it5. Modify the series circuit you have just constructed as Indicated 



by the schematic. 



^2 h 

-S WW\(— *=- 



-vww— 



tSv 
Uv 
1.5v 
1.5v 



V 



*3 4.7n 



^7 -6 

Energize the circuit* Read and record voltages at the points 
Indicated* 



a* %'on;age Tl^ to T8» 

b. Voltage X2 to T3» 

c. Voltage T3 to tT. 

d. Voltage ^ to T^* 



vol ts 
vol ts 
volts 
volts 



(Approximately: a^^ 6 volts; b» 2»6 vol ts; c» 2»8 volts; 
d» 0.6 vol ts) 
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^. Hodtfy your circuit as tndtcated by the Schematic. 



1.5v 
tSv 
1.5v 
t.5v 



O 500 



with variable resistor adjusted to 30 ohms (use ohmmeter 
to adjust for 30 ohms) mea:;ure and record; 



Ci rcul^ Energized: 



a* appi ied voltage 

— ^* ^ft2 

With variable resistor set at 40 ohms (use, ohmmeter to adjust 
for 40 ohms) measure and record: 

Circuit Energized: 



d. source voltage 



f . E 



-Rl 
R2 



(Approximately: aT 6 volts; b. 4.5 volts; c. 1.5 volts; 
d. 6 volts; e. 4.8 volts; f. 1.2 volts) 
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^7. Asafn» modify circuit as Indlcoted by the schematic. 



1.5v 
ILSv 

. L5v 



R| 22 



I* 




"2 

0 50f) 



u"5 



Energize Circuit 



Measure and record the voltage drops between the following points; 



a*. 'TI to T2. 
b . ^ to TT, 
c» T5 to T7» 



volts 
vol ts 
volts 



(Approximately; a> 0 volts; b> K6 volts; c> k.M volts > 

48. Listed below are the steps for measuring 30-1000 voUs OC. We 
will not actually measure voltages above 30 volts white In the 
school because of Safety considerations. However^ It H hnportant 
that you understand how to set up the meter to do .so. the Dost 
Important thing to remember Is. that IF THE. VOLTAGE TO BE HEASUREO 
IS OVER 30 VOLTS» NEITHER THE TEST LEAOS NOR THE METER SHOULO BE 
TOUCHEO VmEN THEY ARE CONNECTEO TO AN CIRCUIT. 



K Set the function switch at 

2. Plug black test lead Inxo common (*) jack and the red 
test lead [nto the jack. 

3' Set the range switch In any of the five voltage-range positions. 
When In doubt about the voltage^ always use the highest voltage 
range. Observe the meter reading. If the voltage is within a 
lower range the switch may be set for the lower range to obtain 
a more accurate reading.' (NOTE: Oe^energlze circuit before 
turning range switch.) 

4. Connect the black test lead to the negative and the red test 
lead to the positive side of the circuit to be measured. 

5* Turn on the power In the circuit to be tested. If the pointer 
deflects to the left of 0» the actual polarity Is opposite the 
anticipated polarity. Turn off the power In the circuit. Set 
the function switch td *0C and turn the power on. This will 
correct the polarity as applied to the meter. 

6. Read the voltage on the black arc marked OC* 

7. Turn off the power In thP circuit before disconnecting leads. 



tENERGIZEP) 
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The Simpson 260-5P multimeter ts also capable of measuring ^ 
AC voltages* For AC voltages, the function switch must be ^ 
placed In the AC position. 

What function switch setting Is used when measuring alternating 
current voltage? ^ 



a , 



b. 



^ c» 




TbT 
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SQv)**'' measuring AC^voltage^ the polarity of the meter does not 
have'tp be observed, for the applied vottage changes polarity 
pertodtcalty* . Which drawing shows the imjitlmeter correctly 
connected for measuring AC voyage? 



V - 

1^ ' 



-Mr 






tA and B) 



ERiC 
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For redding AC- voltages above. 2*Sv, the te'^ arc marked AC ^nd the 
three rows of nutribers dli-ectly above the red arc are^^used/ Which 
diagram correctly Identifies t^e AC scales used for measuring 
AC voltage? 




S2. Check .the statements that are true, 
a. 



Polarity does not have to be observed when measuring 
AC voltage. 



b, The function switch ts not used to measure AC voltages. 

* - " . 

c. The black OC drc .Is used for titoasurtng AC voltages. 

d» The figures below the red AC arc are used for measuring 

DC voltages. 

. . ■ " 

e. The figures below the red AC arc are used for measuring 
AC voltages. 



(THIS IS A TEST FRAME* COHPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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AHSWERS --TEST FRAME 52 

a» Polartty doe*^ not ha^e to be observed when measuring 
AC vo1ta9e* 

e» The figures bel<rt» the red AC arc are used for measuring 
AC voltages. 



IF AIL YOUR ^ANSWERS WTCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
fEST FRAME 56. OTHERWISE, GO BACK TO FRAME AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAM'E 52 AGAIN. 



137 



uo 9 ' 



p. I, 



Four^l II 



53» Th;3 meter is Interpreted the same way for AC as for OC except 
that the red AC ^scales are used. 



Range switch on 2.5 v 
on toOO V 
on 10 V 
on 50 V 
on 2^0 V 



read the value directly on the 
red scale marked 2.5 vac only 
multiply Indicated voltage on 
the 0-10 AC scale by 100 
read voltage on 0-*tO AC scale 
directly 

read vpltage on 0-*50 AC scale 
directly 

read voltage on 0-250 AC scale 
directly 



Interpret the meter AC scale below by matching the Indicated 
voltage to the range position. 




tUO M fowl* itVti 
«•> wan Mt CHMI 



i«.gMA^r(iid »0H A/VAC 



mv IhMOli AM 4« M 



Range Switch Position 



I. 



10 V 
50 V 
2.5 V 
250 V 
5. 1000 V 



Voltage AC 

a. 500 voHs AC 

b. 125 volts AC 

c. 25 volts AC 

d. 1.3 volts AC 

e. 5 volts AC 



( K e; 2. c; 3. d; ij, b; 5" aT" 



5^, Before proceeding with an actual .AC voltage measurement, read 
the following safety precautions and k^ep them firmly )n mtnd. 

K DO NOT TOUCH THE METER OR TEST LEAOS (EXPOSED METAL) ;JH1LE 

POWER IS ON IN THE CIRCUIT BEING HEASUREO. 
2\ BE SURE IS OFF WHEN CONNECTING AND OlSCONNECTiNG 

TEST LEADS. 



(PdUER) 
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55. The voUage you wtli be measuring ts at one point In your 

power supply* Measure only as Instructed; otherwise you will 
be disregarding safety precautions and might encounter high 
voltages* 




I * Be sure power supply Is unplugged from the wall outlet * 
2* Set up the meter to read O-IOOO volts AC* 
a* Set function switch to AC^* 

b* We will be reading a voltage between 20 v and 30 v^ 

so placs the range switch In the 50 v position* 
c* Plug the black test lead Into the common Jack 
and the red test lead into the (^) jack* 
3^ Since we are measuring AC voltage, polarity does not have 
to be observed>-.,„^nnect leads across Tl^ and T8 (nowhere' 
else) * 

4* plug power supply Into wall outlet and energize by closing 
* the switch* 

5* Record meter reading; volts AC* 

6, De*energlze circuit and remove t^st leads* 



X?tep 5: voltage reading should be approximately 30 v ACT 
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S6. Interpret the meter reading and record the Indicated AC 
voltage for each range switch position. 




KIO nl fOvtt tivu 



lAHCtt ADO I« 0| 
mv 4AM^t* ADO 4C »« 



K 10 V 
2. 50 V 



3. 2.5 V _ 

4. 250 V _ 

5. 1000 V 



volts AC 
volts AC 
volts AC 
volts AC 
volts AC 



(TMIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 56 

1. 7.2 VAC 

2. 36 VAC 

3. 1.82 VAC 

4. 180 VAC 

5. 720 VAC 



IF YOUR ANSWERS ARE INCORRECT , GO BACK TO FRAME 53 AND TAKE T^E 
PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE 
MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE 
YOUR INSTRUCTOR.. 

IF YOU DEClOE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKS THE MODULE 
TEST. 
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SUMMARY 
LESSON 1 1 1 

Using the Multimeter as a Voltmeter 

You have learned to use the multimeter as an ohmrr>eter and <ts an 
ammeter; now let's dfscuss Its "use as a voltmeter. 

Basically^ all meters utilize current flow ?n making a measurement^ 
for work ts done In a. circuit only when current flows. In other words, 
It ts the current flow through the meter which causes the pointer 
to move. A voltmeter scale ts calibrated so that It Indicates the 
arnount of voltage which causes current to flow through a multlpl ler 
resistor . The Internal multiplier resistor determines the maximum 
voltage the meter can read and limits the meter current to a safe 
value. The range switch selects different meter ranges by selecting 
different multiplier resistors. 

On the Sln^son 260-5P, all DC voltages are read ton the second scale 
from the top.^Whlch of the three rows of numbers you read will de- 
pend on the range-switch setting. Some scales will require you to 
move the decimal point mentally to get the correct value. 

The DC voltage ranges are 0 to 2»5 v, 0 to lO v, 0 to 50. v, 0 to 250 
and 0 to 1000 v. There Is also a 0 to 5000 v scale which uses the 0 
to 1000 V range switch setting with a special Jack for the positive 
lead. The meter has corresponding AC voltage ranges which use the 
same numbers but are read on the red scale below the numbers. A 
separate 5000 v AC jack for the positive lead and a special scale for 
reading, the 2.5 v AC range are the cnly differences from the DC 
functions. 

To Tead voltages, you will use a method similar to the one used with 
the simple voltmeter. Make sure that the function switch (AC^» -DC» 
+DC) Is In the proper -position and that the range switch -Is set at a, 
larger value than the voltage you expect to measure before you touch 
your probes to the circuit. If you are not certain of the voltage^ start 
with the highest s(;a1e (lOOOV) and reduce the range setting to get an 
easily read rneter deflection. Do'not reduce the range setting to a 
position that Is below the voltage being measured. 

The valtages you will be measuring here are all less than 30 volts^ 
but late** (In other schools or In the fleet) you will measure 
voltage In excess of 30 volts. 

HIGH VOLTAGE MEASUREMENTS REQUIRE SPECIAL CARE TO PROTECT YOU FROM 
INJURY OR DEATH* 

Tf^e special rule for measuring voltages In excess of 30 volts Is:' 

Always de-energlze the circuit before touching the meter » meter 
leadSi or any part of the circuit . 
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The procedures to follow for making these readings are: 
K Turn off the circuit* 

2, Connect the meter clip leads to the points where voltage 
Is to be measured* 

3» Set the meter function and scale as required* Check 
that connections are correct* 

4* Keeping well away from the meter, laads, and circuit, 
energize the circuit and make the reading* if It Is 
necessary to change any meter settings, turn off the cir- 
cuit before you touch the meter * 

5» Turn off the circuit and disconnect the meter* 

if you dre sure you understand how to use the multimeter safely 
as a voltmeter and you Intend to take the progress check Immed* 
lately following this summary, perform the experiments coijtalned 
tn the Narrative (pages 9V97}* Keep both your safety, and the 
meter's safety In mind* 

If you do not understand, firsts study either the narrative or 
the programmed Inftructlon, or see your Instructor. 



AT THtS PDINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU 
MAY STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR 
BOTH. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUES- 
TIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY TO 
TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 

IF you' DEC IDE NOT TO TAKE THE PROGRESS CHECK AT THIS TiME, OR 
IF YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF IN- 
STRUCTION YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS 
CHECK QUESTIONS CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK 
TO TAKE THE MODULE TEST. 
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